creasing the duration of sampling to 30 mm. Finally, results by this method correlate well (r= 0.903)with results by the currently used method.
Assessment of Fetal Lung Maturity by Colorimetric Phospholipid
Determination without Digestion Howard 
G. J. Worth and Dennis J. Wright
A previously described method for the determination of phospholipid concentration in amniotic fluid without digestion has been modified to make it more suitable for use in a routine laboratory. Results compare well with those by the original procedure. Results from nearly 70 amniotic fluids, collected at delivery, were compared with lecithin/sphingomyelin (LIS) ratios determined on the same fluids. Statistical analysis of these data showed that for the prediction of lung immaturity,determination of total phospholipid concentration was atleast as good as the L/S ratio.
The undoubted usefulness of measurement of the lecithin/sphingomyelin ratio (L/S ratio) in amnioticfluid inthe asessment of fetal lung maturity isreflected by the large amount ofliterature thathas followed the early work by Gluck and hiscolleagues (1) . Disadvantagesof L/S ratiomeasurement includethe labor intensiveness of the procedure, its unsuitability for a routine laboratory, and its precision, which isonlythatofa semi-quantitative technique. These problems are overcome by measuringtotal phospholipid concentration colorimetrically by a method not involving a digestion step. their quaternary nitrogen and then reduced to molybdenum blue(2). This method has been modifiedby carrying outthe initial reaction and the reductionina single system instead of a biphasicone. Resultson more than 100 specimens have been compared with those obtainedwiththe L/S ratio orthose obtainedby using our previously described method (2) . These comparisons enable us tocomment on thesuitability ofthis method as a routine technique for the assessment of fetal lung maturity. The change in final absorbance at 720 nm with increasing concentration of stannous palmitate is shown in Figure 1 . The reagent is unstable; it must be prepared daily and be filtered immediately before use. At stannous palmitate concentrations greater than 1.2 g/L, the molybdenum blue formed by the reaction does not remain in colloidal suspension but precipitates onto the wall of the assay tube. For this reason, a small change in the stannous palmitate concentration has considerable effect on the final absorbance, as illustrated in Figure  1 . We now use stannous palmitate at a concentration of 1 g/L.
Materials and Methods

Reagents
This amount, coupled with molybdophosphate at 50 mmolfL,
gives an absorbance of approximately 0.250 for a lecithin concentration of 400 tmol/L.
Use of Other Reducing Agents
We considered using reducing agents other than stannous palmitate, but it was difficult to find reagentsthat were both chloroform-soluble and sufficiently colorlessnot to affect the final color measurement.For the three we found, we compared the final color they developed with that for stannous palmitate (1 gIL), using a molybdophosphate reagent at a concentration of 50 mmol/L and a lecithin standard of 600 molIL (Table   1 The between-batch precision of the modified method for phospholipid determination was calculated from data obtained by repeated analyses of portions of amniotic fluid collected at elective cesarian section and stored at -20 #{176}C. The mean of 19 determinations was 95 zmol/L, with a CV of 9.7%.
Pregnancies with Normal Outcome
Statistical analysis showed that data on neither the L/S ratio nor total phospholipid concentration (PL) of specimens taken at delivery from patients who delivered a normal fetus gave a gaussian distribution.
This was demonstrated by the Kolmogorov-Smirnov test (3) . These data were transformed to give a gaussian distribution by the technique described by Flynn et al. (4) . When the L/S ratio was transformed to loglo (L/S ratio -0.23) and total phospholipid concentration to log10 (PL + 11), the Kolmogorov-Smirnov test was satisfied and the parameters estimating skewness and kurtosis were at a minimum.
The original and transformed data are compared in Figures 2 and 3 . Using these transformed functions, we calculated a reference range at mean ±1.96 SD. On this basis the reference range for L/S ratio was 1.1 to 6.7; for total phospholipid concentration, 80 to 800 Mmol/L.
Pregnancies with Abnormal Outcome
The L/S ratio and total phospholipid concentration were determined for 19 specimens of amniotic fluid from different patients whose pregnancies produced an abnormal fetus.
These abnormalities were subdivided as follows:
Respiratory distress syndrome.
In five patients, two of whom died, respiratory distress syndrome was diagnosed clinically. The L/S ratio was less than 1.1, exceptinone case where it was 1.8. Total phospholipidconcentrations ranged from 25 to 60 mol/L.
In the cases of the two fatalities, the L/S ratio was 0.7 in both and the total phospholipid concentration was 50 and 60 .tmol/L. Hydra mnios. Hydramnios was diagnosed in five patients. In four of these, lung maturity was predicted by both L/S ratio and total phospholipid concentration, the ranges being 2.7 to 3.7 and 100 to 410 zmol/L, respectively.
One infant in the group was stillborn; the L/S ratio was 2.7, and the total phospholipid concentration was 100 tmol/L. The fifth infant, who died of multiple abnormalities, had an L/S ratio of 0.8 and a total phospholipid concentration of 25 imol/L.
Rhesus isoimmunization.
Four cases of rhesus isoimmunization had L/S ratios between 1.2 and 1.8 and total phospholipid concentrations of less than 80 zmol/L, except in one instance where the concentration was 120 i.mol/L (L/S ratio, 1.2).
Stillbirths or neonatal death. In addition to the four fatalities mentioned above, we investigated five other cases. Two were stillbirths in whom lung immaturity was predicted by L/S ratio and total phospholipid concentration.
The other three infants died soon after birth from nonrespiratory
Contaminated Specimens
L/S ratio and total phospholipid concentration were measured on 24 specimens collected at delivery that were contaminated with blood or meconium or both. These data were transformed as described above and compared with the transformed data obtained from uncontaminated specimens by Student's t-test. For the L/S ratio the mean values were 2.6 and 1.7 for uncontaminated and contaminated specimens, 
Discussion
The colorimetric measurement of total phospholipid concentration is analyically more precise than is determination of the L/S ratio and, with the elimination of the digestion step, the method is also quicker. The main purpose of the work reported here was to investigate whether the determination of total phospholipid concentration is as good as L/S ratio in predicting fetal lung maturity. The use of molybdophosphate described by us previously (2) had poor sensitivity. Because molybdenum blue was produced at the interface of two phases, it seemed likely that we could improve sensitivity by carrying out the necessary reduction in the organic phase. There was difficulty in finding a chloroform-soluble reducing agent that is colorless and has an appropriate redox potential. Stannous palmitate appears the most suitable, although it is not ideal because of the need to prepare the reagent immediately before use. However, it gives an acceptable sensitivity and precision to the technique. The L/S ratio and total phospholipid concentration determined on amniotic fluids collected at delivery from patients who produced normal fetuses were used to calculate a reference range, the lower end of which gave a "cutoff" point for predicting fetal lung immaturity.
Of the five cases of respiratory distress syndrome encountered during the course of the study, each had a phospholipid concentration below our calculated cutoff point of 80 imol/L.
One L/S ratio, at 1.8, was above our cutoff point of 1. 50% of fetuses will require respiratory assistance. Whitfield et al. (6) , in a study of over 100 pregnancies, found no respiratory distress in cases where the L/S ratio was greater than 2.0, but inthe range 1.5-2.0 25% developed respiratory distress syndrome, and below 1.5 this rose to 80%. These data are consistent with the reference range for L/S ratio we found. Of the normal pregnancies in our study, 27% had an L/S ratio below 2.0. Measurement of total phospholipids appears better to separate the two populations, although an extended prospective study is required to demonstrate this unequivocally.
Only experience will show whether the 80 zmol/L concentration of phospholipid will be a useful cutoff value.
In cases of hydramnios, high phospholipid concentrations (>80 Amol/L) were obtained when the L/S ratio exceeded 2.0;
i.e., the phospholipid concentration does not seem to be depressed as a result of an abnormally large fluid volume. Low phospholipid values and L/S ratios below 2.0 were obtained in rhesus isoimmunization.
These findings are supported by previous workers (7), who found that the L/S ratio increases later in the pregnancy than was expected. The prediction of both measurements seemed to be least accurate in rhesus isoimmunization.
We conclude from this short-term trial that measurement of total phospholipid concentration in amniotic fluid is at least as good a predictor of fetal lung maturity as is L/S ratio. By use of a non-digestive procedurethe method is made faster and more precise, with a result on a single specimen being obtainable within30 mm ofamniocentesis.
